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© Assay of sequences using amplified genes. 



© A method for amplifying specific target nucleic 
acid sequences in a sample, the method comprising 

(a) contacting under hybridization conditions 
(i) two different immobilized or immobilizable primer 
nucleic acids, with (ii) a test sample containing target 
nucleic acid sequences, 

(b) contacting the resultant product of step (a) 
with an extender enzyme and at least one nucleic 
acid residue under conditions to elongate the resul- 
tant hybridized primer nucleic acids, and 

(c) denaturing the product of step (b), to pro- 
duce immobilized target nucleic acid sequences, 
and 

(d) repeating at least once a cycle of steps 
(a), (b) and (c) with the product of step (c) of the 
previous cycle being used in place of (a) (ii). The 

Jjl above described method can be used to detect 
^specific target nucleic acid sequences by using a 
OJtest sample suspected of containing target nucleic 
J^Jacid sequences and determining if an amplified se- 
quence is present. 
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ASSAY OF SEQUENCES USING AMPLIFIED GENES 



BACKGROUND OF THE INVENTION 



Field of the Invention 

The present invention relates to the amplifica- 
tion of a gene for the detection of specific se- 
quences. More particularly, the present invention 
concerns a method of detecting a specific nucleic 
acid sequence using immobilized or immobilizable 
oligonucleotides. 



Background Information 

Large scale production of a nucleic acid se- 
quence is usually done by cloning the particular 
sequence in a specific vector. The sequence to be 
cloned is isolated, identified, coupled covalently to 
a single or double-stranded vector and then cloned. 
The vectors with the extra DNA are separated from 
the host cell and, depending on the requirements, 
the cloned piece of DNA has to be restricted and 
separated from the rest of the DNA. If one requires 
single-stranded DNA, either it is cloned in a single- 
stranded vector or strand separation is necessary. 
All these techniques involve skilled manipulation of 
biochemical and biological systems. 

Analytical Biochemistry , 140 , 95-103. (1984) 
describes a method of producing DNA hybridiza- 
tion probes by non-specifically immobilizing a sin- 
gle strand DNA template to cellulose. Although the 
method is useful, the length distribution of the 
newly synthesized product DNA is not as uniform 
as might be desired. It now appears this may be 
due to multiple attachments of the template DNA to 
the cellulose. 

A homogenous system involving two probes 
has been described in European patent application 
No. 86 101 725.9. This method uses two non- 
overlapping probes, one of which is labeled for 
detection and the other for the separation of the 
hybrid. The assay takes place in a homogeneous 
solution and the hybrid is subsequently separated 
by an immobilization reaction with a solid support 
and a separation probe. 

Amplification of purified polynucleotide se- 
quences by using an immobilized polynucleotide 
and oligonucleotide as a primer has been de- 
scribed in European Patent Application 184,056 
and in Ashley et ai. Anal. Biochem. . supra . In EP 
184,056, an end coupling and in Ashley et al non- 



specific random coupling reactions were used for 
the immobilization of the polynucleotides. 

Amplification in solution after amplification ana- 
lysis requires immobilization or other methods. 

s e.g., gel electrophoresis with labeled materials. 

Saiki et al. Science , 230 , 1350, (1985) de- 
scribed a method of amplification of a beta-globin 
nucleic acid sequence in a human genomic sample 
for the detection of point mutation by hybridization 

ro with an oligonucleotide. This product sequence is 
formed in solution. For hybridization, the DNA has 
to be either immobilized after amplification or a 
restriction digestion and separation must be carried 
out for analysis of the sequence. 

75 

SUMMARY OF THE INVENTION 



20 The present invention relates to the amplifica- 
tion of a gene for the detection of specific se- 
quences. The amplified sequences are produced 
by using immobilized primer sequences so that the 
product is formed in an immobilized state. The 

25 sequences which serve as primers may carry la- 
bels or may be labeled in the extending sequence. 

More particularly, the present invention con- 
cerns a method for amplifying specific target nu- 
cleic acid sequences in a sample, for example, in a 

30 sample comprising double stranded DNA, the 
method comprising 

(a) a priming step involving contacting under 
hybridization conditions (i) two different immobi- 
lized or immobilizable nucleic acids with (ii) a test 

35 sample containing target nucleic acid sequences; 

(b) an extension step involving contacting 
the resultant produce of step (a) with an extender 
enzyme and at least one nucleic acid residue un- 
der conditions to elongate the resultant hybridized 

40 primer nucleic acids and 

(c) denaturing the product of step (b) to 
— produce immobilized target nucleic acid se- 
quences, and 

(d) repeating at least once a cycle of steps 
45 (a), (b) and (c) with the product of step (c) of the 

previous cycle being used in place of (a) (ii). 

The present invention also concerns a method 
for detecting specific target nucleic acid sequences 
in a sample, e.g., the sample comprising double 
so stranded DNA, the method comprising 

(a) contacting under hybridization conditions 
(i) two different immobilized or immobilizable prim- 
er nucleic acids with (ii) a test sample suspected of 
containing target nucleic acid sequences. 
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(b) contacting the resultant product of step 
(a) with an extender enzyme and at least one 
nucleic acid residue under conditions to elongate 
the resultant hybridized primer nucleic acids, and 

(c) denaturing the product of step (b) to 
produce immobilized target nucleic acid se- 
quences, 

(d) repeating at least once a cycle of steps 
(a) f (b) and (c) with the product of step (c) of the 
previous cycle in place of (a) pi), and 

(e) determining if an amplified sequence is 
present 

The present invention further concerns a kit for 
amplifying specific target nucleic acid sequences, 
the kit comprising one or more containers contain- 
ing (a) immobilized or immobiiizable primer nucleic 
acids, (b) an extender enzyme and (c) at least one 
nucleic acid residue. 

The present invention also is directed to a kit 
for detecting specific target nucleic acid se- 
quences, the kit comprising one or more containers 
containing (a) immobilized or immobiiizable nucleic 
acids, (b) an extender enzyme and (c) at least one 
nucleic acid residue and (d) a labeled hybridizable 
oligonucleotide specific for the detection of the 
amplified sequence. 

The present invention is surprising and unex- 
pected in that an immobilized oligonucleotide can 
be used for amplification of a specific sequence in 
a crude mixture containing many other sequences. 
Moreover, the desired analyte produced at the end 
of the process is in immobilized form and ready for 
heterogeneous phase assays. 

The present invention produces immobilized 
amplified sequences. 

The present invention can be processed as an 
automated system. 

BRIEF DESCRIPTION OF THE DRAWING 

The figure is a schematic diagram showing the 
steps to carry out an amplification according to the 
present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention concerns amplification of 
a test nucleic acid sequence for an assay by 
contacting on nucleic acid attached to a solid sup- 
port complementary to one strand and another 
nucleic acid attached to a solid support comple- 
mentary to another strand of the test sample nu- 
cleic acid under hybridization conditions, extending 
the nucleic acid with an enzyme such that se- 



quences complementary to the test sample are 
produced, denaturing the product and reannealing 
to produce a more extendable structure and re- 
peating the process to produce a solid support 
5 immobilized test sequence in an amount greater 
than the starting concentration. The product is then 
assayed, for example, as follows: 

(1) by hybridization with a specific probe; 

(2) if during an extension reaction a labeled 
10 nucleic acid residue is incorporated, the extent of 

incorporation of a such a residue determines the 
presence of the specific sequence; or 

(3) a post extension agglutination reaction. 
As described above, Saiki et a! described a 

is method of amplification of a test sample. Saiki et al 
used two different oligonucleotides as primers. The 
test sample nucleic acid served as a template for 
the primer extension reaction. The oligonucleotides 
were complementary to the ends of the two strands 

20 of a double stranded sample DNA. In Saiki et al, 
one oligonucleotide is specific for one strand and 
the other oligonucleotide is specific for the com- 
plementary strand. Both oligonucleotides flank the 
region of mutation sequence to be analyzed. When 

25 the oligonucleotides are mixed with the test sample 
nucleic acids under annealing conditions, the 
oligonucleotides will hybridize in a fashion such 
that the 3' hydroxyl of each oligonucleotide will be 
available for extension. After the oligonucleotide is 

30 extended with template dependent primer exten- 
sion enzyme, e.g., DNA, polymerase, Reverse tran- 
scriptase etc., the processes of oligonucleotide hy- 
bridization and extension are repeated. The dis- 
advantage of such an amplification is that the final 

35 product analysis requires difficult sample handling 
steps, e.g., immobilizing. 

The present invention uses immobilized or im- 
mobiiizable nucleic acid primers. The final am- 
plified products of the present invention are already 

40 immobilized or specifically immobiiizable. 

In the figure, the test sample nucleic acid, 
which serves as a template for the initial cycle of 
amplification, is contacted with immobilized or im- 
mobiiizable primer nucleic acids under conditions 

45 of hybridization. One primer sequence is specific 
for one strand and the other is specific for the 
complementary strand. The primers are not com- 
plementary to each other. After the primer template 
hybrids are formed they are extended by an en- 

50 zyme. The amplified sequence is then recycled for 
further amplification. 

The primer nucleic acids are any hybridizable 
DNA, RNA or oligonucleotides. 

In a preferred embodiment the primer nucleic 

55 acids are oligonucleotides and they are comple- 
mentary to the 3' end sequences of the sample 
DNA. The nucleic acid primers can be of any 
length between 3 and 10 kilobases and greater, 
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preferably between 5 and 100 bases. Any com- 
plementary (to the sample) nucleic acids with 3 - 
hydroxy can serve as primer for template mediated 
extension reaction. 

The objective of using two primers is to amplify 
both strands. The primers do not have to be com- 
plementary (in their entirety), to the sample se- 
quence. They should be complementary enough to 
initiate sequence specific, template mediated , ex- 
tension reaction. In order to maintain the fidelity of 
the template mediated primer extension reaction 
the initiation should occur from a perfectly matched 
base paired region. The minimum sequence may 
include 3 base pairs. Usually a 5 to 7 base pair 
double stranded region is strong enough to un- 
dergo primer intension reaction at 25* C and below. 
If it is less than 5 bp, a low temperature extension 
reaction has been carried out 

The present invention is an improvement over 
the amplification methods described in the prior art. 
The present invention describes a method of am- 
plification of test sample nucleic acids where the 
amplified sequence is produced in an immobilized 
form. The major advantage associated with such 
process is that the product is formed in a specifi- 
cally immobilizable or immobilized state. This 
makes the separation from the unamplified se- 
quence (sometimes 10 3 -10 6 times the test se- 
quence) easier. Since it is in a specifically im- 
mobilizable or immobilized form the analysis is 
easier. 

Immobilization of a nucleic acid, especially an 
oligonucleotide is described in Affinity Chromatog- 
raphy , Herbert Schott. Marcel Dekker. Inc., pages 
15 to 21. Most of the immobilization reactions 
described therein can be carried out via spacer or 
linker residues. For example, instead of using 
"SEPHADEX" or cellulose particles directly, it is 
possible to use polyamine or protein linked 
"SEPHADEX" or cellulose and use the protein or 
polyamine residues as the coupling sites for an 
oligonucleotide. 

For example, cyanogen bromide activated 
"SEPHADEX" can first be reacted with a large 
excess of a polyamine, e.g., spermine, and then 
coupled to an oligonucleotide by an oxidative reac- 
tion. As has been described in EP 164,586, 
aminolabeled oligonucleotides can be prepared 
with variable linker lengths. Other methods for pre- 
paring aminolabeled oligonucleotides have also 
been described in the art 

As an immobilization matrix (solid support) for 
the present invention reactive or activated cellu- 
lose. -SEPHADEX". "SEPHAROSE", 
"SEPHACRYV, polystyrene latex, poly aery iates, 
polyvinylalcohols, or other synthetic or naturally 
occurring matrices which can be activation to un- 
dergo chemical reaction. 



The substrate for the extension reaction is one 
or more nucleic acid residues, e.g., nucleoside 
triphosphate (NTP). 

Since the addition of nucleoside residues to the 
s primer or extension reaction necessary for the fi- 
delity of the sequence should be specific, enzymes 
such as DNA polymerase, a Klenow fragment of 
polymerase or reverse transcriptase, are prefer- 
able. These enzymes catalyze a specific primer 
w extension reaction. It is surprising that such en- 
zymes can act on oligonucleotide primers when 
they are immobilized. 

The present invention produces immobilized 
sequences for analysis. The presence of such a 
15 sequence can be detected by using labeled 
nucleotide residues as substrates for extension. As. 
for example, if a ^P-labeied or fluorescein labeled 
nucleoside triphosphate is used as a substrate for 
extension with DNA polymerase the extended prod- 
20 uct will be labeled. By detecting such labels 
(radioactive for K P and fluorescence for 
fluorescein) it is possible to ascertain the presence 
of the test sequence nucleic acid. 

The amplified signal can be detected by hy- 
25 bridization with a specific probe. 

The immobilized or immobilizable 
oligonucleotide probes will comprise at least one 
single stranded base sequence complementary to 
the 3' end or the 5 end of the sequence to be 
30 amplified. The probe should not be complementary 
to the entire sequence before the enzymatic exten- 
sion reaction is conducted. The homology of the 
ends of the probe can be as short as three 
nucleotides and can be as long as 200 nucleotides. 
35 however, between 1 0 and 30 nucleotide residues is 
preferred. 

The oligonucleotides can be immobilized by 
virtue of the oligonucleotides being linked at one 
end thereof to a solid substrate and wherein the 

40 elongation occurs in a direction opposite to the 
solid substrate. 

The sample can comprise double stranded 
DNA and each oligonucleotide can be complemen- 
tary to a strand of the double stranded DNA. 

45 Detection of the presence of the amplified se- 
quence can be conducted by any of the following: 

(1) labeling the nucleic acid residue, for ex- 
ample, with a label, such as, for example, a radio- 
active moiety, a dyestuff. a fluorescent moiety or 

so an enzyme, and then conducting an analysis to 
determine the presence of such label; 

(2) subjecting the product of step (d) of the 
aforementioned method for detecting specific tar- 
get nucleic acid sequences to hybridization con- 

55 ditions with a labeled probe (such label can be as 
described hereinabove) hybridizable with the se- 
quence being tested for and determining if in fact 
hybridization has occurred; 
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(3) determination of a change or difference 
in a physical property, e.g., to detect a difference 
in molecular weight or density by conducting elec- 
trophoresis, centrifugatlon, gel permeation 
chromatography or using microscopy (visual deter- 
mination to detect a difference in size). 

The invention will now be described with refer- 
ence to the following non-limiting examples. 



Example 1 : 

The sequence of the human beta-globin gene 
is used as a model system for this invention. Any 
known sequence can be amplified by proper selec- 
tion of the immobilized primers. 

A sequence WP or shorter 
WP 5 AC AC AACTG TGTTC ACT A GC 3 
and a sequence CP or shorter 
CP 3 CC AC TT GC AC CT AC TT CA AC 5 
are synthesized by a known oligonucleotide syn- 
thesis method. The ollponucleotides are then 
phosphorylated at the 5 end by an enzymatic 
method as described in Molecular Cloning , Man- 
iatis et al, Cold Spring Harbor Laboratory, 125 , 
(1982). 

These oligonucleotides and their relationship to 
the target globin sequences have been published 
by Saiki et ai, Science , 230 , 1350, (1985). The 
phosphorylated oligonucleotides are then immobi- 
lized to beads according to methods described in 
Affinity Chromatography , H. Schott, Marcel Dekker 
publisher. 15, (1984). 

The beads approximately 200 ul in aqueous 
suspension containing immobilized WP and CP are 
added to a solution (1 ml) containing 10 mM tris 
pH 7.5. 50 mM NaC!. .0 mM MgCI 2 , 1.5 mM 
deoxynucleoside triphosphates (all four). They are 
heated to 37* C for 10 minutes and 20 units of 
Klenow fragment of E. coli DNA polymerase (PL- 
Biochemical) is added. The reaction is allowed to 
proceed for 5 minutes. Then the solution is cen- 
trifuged in a microfuge and using one of the deox- 
ynucleoside triphosphate as the radioactive sub- 
strate the background reaction is estimated by 
counting the radioactivity of the beads in a scin- 
tilation counter. 

The reaction is repeated after adding (0,1 ug) 
10 ul aqueous heat denatured (100* C) ice cooled 
sample DNA (human). The cycle is repeated by 
heating the whole mixture in a boiling water bath 
and rapidly cooling to 37* C. For every cycle an 
aliquot of fresh enzyme (2 units) is added. 

The final product is collected as immobilized 
amplified sequence by centrifugation in a micro- 
fuge. The immobilized product nucleic acid is then 
assayed in three different ways, namely, as follows: 
(1) hybridization with a labeled 19 mer; 



(2) digestion with two enzymes ( Science . 
230 , 1350 (1985)); 

(3) direct detection with or without any re- 
striction digestion. 

5 If one of the deoxy NTP's is labeled, e.g., with 
^P direct counting of radioactivity before and after 
a restriction digestion will give the information 
about the sequence. 

10 

Example 2: Hybridization with a Labeled 19 mer 
Hybridizable with Labeled Oligonucleotide Probes 

The amplified product immobilized onto beads 
75 is denatured by heating on a boiling water bath and 
then chilled in ice. As is described below, the 
beads are then hybridized with ^P-labeled 
oligonucleotides. 

For molecular hybridization, the following mix- 
20 ture is prepared: 

450 ul 20X NET buffer 
750 ul 20% dextran sulfate 
150 ul deionized water 
75 ul 100X Denhardt's solution 
25 75 ul 10% NP-40 detergent (Sigma) 

To this mixture is added a one tenth portion of 
the oligonucleotide probe prepared as described in 
N. Dattagupta, D. Rabin. G. Michaud and P. M. M. 
Rae, "A Simple Method for Generation of High 
30 Specific Activity Oligonucleotide Probes", BioTech- 
niques , Vol. 5, No. 1, 38-43, (1987). The final 19- 
mer probe concentration is approximately 1 
nanomolar. It has been found that addition of more 
probe than this results in an increased background. 
35 To prepare a labeled probe for a single or a few 
reactions, the labeling protocol detailed above can 
be scaled down, using proportionally less primer, 
template, dGTP, and dATP. A 0.1 X reaction can be 
done in 10 ul, a 0.2X reaction can be done in 20 
40 ul, etc. When volume permits, the [alpha 32 P>alpha- 
ATP need not be evaporated to dryness. 

Beads containing amplified approximately 0.5 
mi of the sequence are placed in plastic bags (e.g., 
•SEAL-A-MEAL", "SEAL AND SAVE", etc) with 
45 one end left open. The radioactive hybridization 
mix is added with a Pasteur pipet or a syringe with 
a 21 gauge needle and the remainder end of the 
bag is sealed. Hybridization is conducted for one 
hour at 50* C. 

so After hybridization, the beads are separated by 
centrifugation in test tubes and washed with 6X 
SSC for 15 minutes with gentle shaking. 

For stringency washing, the beads are trans- 
ferred to a prewarmed 1 .5 ml culture tube contain- 

55 ing 1.4 ml 6X SSC. The tubes are replaced in a 
57 'C circulating water bath for 10 minutes. The 
liquid is centrifuged quickly, another 1 .5 ml prewar- 
med 6X SSC is added, the tubes are then replaced 
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in the water bath for another 10 minutes, the liquid 
is centrifuged again and the supernatant liquid is 
then discarded. 

The radioactivity in the tube is counted in a 
scintillation counter. The radioactivity associated 
with the beads is the measure of hybridization and 
hence the indication of the presence of test gene in 
the original sample. 

Example 3: Digestion With Two Enzymes 

As has been described by Saiki et al. Science , 
230, 1350 (1985). the amplified product can be 
assayed by hybridization and then restriction di- 
gestion and separation by gel electrophoresis or 
thin layer chromatography. 



Example 4: Direct Detection 

The amplified product can be directly assayed 
by using a label carrying nucleoside triphosphate 
as the substrate for the amplification/extension re- 
action. As for example if a ^P-labeled or a 
fluorescein labeled or a biotin labeled nucleoside 
triphosphate is used as the substrate, the incor- 
poration of the labels into the extended nucleic 
acids will be the direct indication of the specific 
processes and hence the presence of a specific 
test sequence. After the amplification, the amplified 
nucleic acids will be in beads and the presence of 
any label on the beads will indicate the presence of 
the test sequence. The assays for fluorescein, 
biotin or are well known in the art. Other 
common labels can also b* 1 *jsed for this purpose. 

The difference in the physical properties of the 
beads can also be used for detection. Eiec- 
trophoretic mobility, density in a centrifugation field 
and chromatographic properties can also be used 
for detection purposes. 

It will be appreciated that the instant specifica- 
tion and claims are set forth by way of illustration 
and not limitation, and that various modifications 
and changes may be made without departing from 
the spirit and scope of the present invention. 

Claims 

1. A method for amplifying specific target nu- 
cleic acid sequences in a sample, the method 
comprising 

(a) contacting under hybridization conditions 
(i) two different immobilized or immobilizable prim- 
er nucleic acids with (ii) a test sample containing 
target nucleic acid sequences, 



(b) contacting the resultant product of step 
(a) with an extender enzyme and at least one 
nucleic acid residue under conditions to elongate 
the resultant hybridized primer nucleic acids, 

5 (c) denaturing the product of step (b), to 

produce immobilized target nucleic acid se- 
quences, and 

(d) repeating at least once a cycle of steps 
(a), (b) and (c) with the product of step (c) of the 

io previous cycle being used in place of (a) (ii). 

2. A method according to claim 1, wherein the 
primer nucleic acids are oligonucleotides. 

3. A method according to any of Claims 1 and 
2. wherein the primer nucleic acids are immobilized 

is by virtue of the nucleic acids being linked at one 
end thereof to a solid substrate and wherein the 
elongation occurs in a direction opposite to said 
substrate. 

4. A method according to any of claims 1 to 3, 
20 wherein the sample comprises double stranded 

DNA and each nucleic acid being complementary 
to a strand of said DNA. 

5. A kit for performing the method of any of 
claims 1 to 4. comprising one or more containers 

25 containing 

(a) immobilized or immobilizable primer nu- 
cleic acids. 

(b) an extender enzyme, and at least 

(c) one nucleic acid residue. 

30 6. A method for detecting specific target nu- 

cleic acid sequences in a sample, the method 
comprising 

(a) contacting under hybridization conditions 
(i) two different immobilized or immobilizable prim- 
es er nucleic acids with (ii) a test sample suspected of 

containing target nucleic acid sequences, 

(b) contacting the resultant product of step 
(a) with an extender enzyme and at least one 
nucleic acid residue under conditions to elongate 

40 the resultant hybridized nucleic acids. 

(c) denaturing the product of step (b), to 
produce immobilized target nucleic acid se- 
quences, 

(d) repeating at least once a cycle of steps 
45 (a), (b) and (c) with the product of step (c) of the 

previous cycle being used in place of (a) (ii), and. 

(e) determining if an amplified sequence is 
present. 

7. A method according to claim 7. wherein the 
so primer nucleic acids are oligonucleotides. 

8. A method according to any of claims 6 and 
7. wherein the primer nucleic acids are immobilized 
by virtue of the nucleic acids being linked at one 
end thereof to a solid substrate and wherein the 

55 elongation occurs in a direction opposite to said 
substrate. 
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